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5 Abstract: The paper explores the application of conventional (DMT) and seismic (SDMT) dilatometer tests to an important case of deep
6 excavation design. The work presents finite-element analyses simulating a deep excavation close to Barcelona (Spain). A thick layer of soft
7 interbedded sandy and silty soils made characterization based on laboratory testing very difficult. SDMToffered an alternative for estimating
8 the soil stiffness and its stress-strain dependency. Numerical results and high-quality monitoring data show quite close agreement for most
9 phases of the construction process, supporting the use of seismic dilatometer tests in numerical analyses of deep excavations. The paper also
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14 Introduction
15 Deep8 excavations9 in urban areas generally induce ground move-
16 ments, which may damage adjacent structures. These movements
17 are quite sensitive to a number of factors, such as soil mechanical
18 properties, excavation geometry, retaining wall characteristics, con-
19 struction sequence, and construction methods. Accurate evaluation
20 of soil movements is an important aspect of managing third-party
21 risks (Arroyo et al. 2007). Numerical analyses are presently the tool
22 of choice for estimating deep-excavation-induced displacements
23 (Yoo et al. 2014; Dias and Bezuijen 2013). They are particularly
24 necessary when design includes special features (e.g., ground
25 improvement) that are poorly represented in empirical databases
26 (Ou 2016).
27 It is generally acknowledged that soil stiffness nonlinear
28 dependency on strains10 should be properly taken into account in
29 the analysis of geotechnical structures (Burland 1989). This is es-
30 pecially true for the specific case of deep-excavation-induced
31 displacements (St John et al. 1993; Hashash and Whittle 1996;
32 Jardine et al. 2005; Brinkgreve et al. 2006; Finno 2010; Ou 2016).
33 Several constitutive models can capture11 the dependence of stiffness
34 on stress-strain levels in a realistic manner, and many of them are
35 readily available in commercial software. However, calibration of
36 a significant number of parameters is a necessary step for their
37application. Generally, model calibrations can be based on labora-
38tory testing, but obtaining good stiffness data from it 12requires high-
39quality samples and careful testing procedures (e.g., Cho and Finno
402009). For gravels, sands, and silts, obtaining unaltered samples
41for testing in laboratories is a very difficult task. Inverse analysis
42of monitoring measurements is a rational alternative when data is
43scarce (Ledesma et al. 1996; Calvello and Finno 2004; Hashash
44et al. 2006). However, inverse analysis and soil testing work best
45together (Finno 2010). Trial sections (Arroyo et al. 2007) are ideal
46for model calibration, but when they are not available the model has
47to be adjusted as the excavation proceeds.
48When laboratory testing is difficult, one possible alternative is to
49rely on in situ tests. Not all in situ tests are equally suitable for this
50purpose. The relatively cheap standard penetration test (SPT) is a
51strength-related test with poor repeatability. Khoiri and Ou (2013)
52state that stiffness parameters obtained from excavation back-
53analyses may not be correlated to SPT. Self-boring pressuremeter
54tests (SBPM) can be used to fit a whole stiffness degradation curve,
55particularly when including unload-reload loops (Jardine 1992;
56Fahey and Carter 1993). Nevertheless, they are quite sensitive to
57operational details and are not frequently available. Two in situ tests
58that are repeatable, easily available 13, and allow the derivation of soil
59stiffness decay curves are the seismic cone penetration test (SCPT)
60and the seismic dilatometer test (SDMT). Indeed, both of these tests
61allow the obtaining 14of small-strain modulus measurements from
62seismic shear wave velocities. While it is very difficult to obtain
63reliable operative stiffness values from cone penetration tests
64(CPTs 15) (Been et al. 2010), values deduced from dilatometer tests
65(DMTs) can actually give good settlement predictions (Monaco
66et al. 2007, 2014).
67Several researchers (Mayne et al. 1999; Lehane and Fahey 2004;
68Marchetti et al. 2008; Amoroso et al. 2013, 2014; Cox and Mayne
692015; Pepe et al. 2015; Rodrigues et al. 2016; Bosco and Monaco
702016) have presented procedures to calibrate stiffness degradation
71curves using seismic dilatometer tests. However, relatively little
72work has investigated the performance of SDMT-calibrated stiff-
73ness values in numerical analyses. Arroyo et al. (2008) presented
74initial results for a trial section in a cut-and-cover railway tunnel in
75Barcelona, but both monitoring and SDMT results were incom-
76plete. Later, Sau et al. (2012) reanalyzed the case with improved
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77 data, but they did not use a constitutive model representing soil
78 small strain behavior.
79 A new case history is analyzed here with more complete SDMT
80 and monitoring data, using a constitutive model with appropriate
81 representation of soil stiffness degradation curves. In the paper,
82 numerical results are compared with monitoring data, and their
83 significance is discussed by means of a parametric study.
84 Case Description
85 Verge de Montserrat Station (recently renamed “Les Moreres”) is
86 a tube station of Line 9 (L9) connecting Barcelona’s city center to
87 its airport. The site is located within the Llobregat River delta, an
88 area dominated by Holocene soft deposits, with the groundwater
89 table always close to the soil surface. The construction of the
90 station required an 18.5-m deep excavation. The station plan is
91 approximately cruciform and its dimensions are shown in Fig. 1;
92 Fig. 2 illustrates a geotechnical cross section. Several buildings are
93 present near the station. The closest one, at 9 m from the diaphragm
94 walls (Fig. 1), is a six-story building whose plan area is 51 m long
95 and 23 m wide, founded on a 0.7-m thick reinforced concrete
96 slab. The building is composed of three blocks separated by
97 two full-height expansion joints that extend from the roof to the
98ground-floor levels. Precise estimates of excavation-induced move-
99ments were required to assess any potential damage to the build-
100ing, as well as to evaluate appropriate safety measures during
101excavation.
102Geotechnical Conditions
103The general geological structure of the Llobregat River delta
104(Gámez 2007) is similar to that of other Mediterranean deltas. A
105wedge of low plasticity silty and clayey deposits, (UG5, UG6, UG7
106and UG8 in the cross section of Fig. 2), reaching a thickness of
10760 m near the shoreline, overlies a deep sandy and gravelly aquifer
108(below UG8 in Fig. 2), which is, in turn, overlaid by an approx-
109imately 10-m thick, well graded, medium dense sand (UG2,
110UG3, and UG4 in Fig. 2). A superficial thin deposit of alluvial fine
111silts (UG1 in Fig. 2) sometimes appears on top, as well as a variable
112thickness of made ground. Previous experience clearly indicates
113that most geotechnical problems in the area are associated with
114the compressibility of the intermediate wedge of low plasticity soft
115soil (Gens et al. 2006). These critical silty and clayey layers pose
116great sampling difficulties because of the presence of finely inter-
117bedded sandy layers (Pineda et al. 2012). As a result, intact sample
118recovery from boreholes is very challenging, and laboratory mea-
119surements of in situ stiffness parameters are scarce and unreliable.
120For large projects, some authors (Gens and Lloret 2003; Arroyo
121et al. 2007) have conducted full-scale instrumented load tests to
122overcome such inconveniences. Unfortunately, this was not a fea-
123sible option in the present case, and design had to rely exclusively
124on site investigations. There were encouraging precedents of DMT
125use in the area for embankment-induced settlement prediction
126(Arroyo and Mateos 2006), suggesting that good results could also
127be obtained for other problems.
128Fig. 1 illustrates the site investigation layout for the station.
129Initial investigations included boreholes (S3.9, SM-014, SA, SB,
130SC) and piezocone tests (CPTu1 and CPTu2, respectively 42 and
13144 m deep), which registered the phreatic level at 3.5 m deep.
132A second round of site investigations included flat (DMT1 and
133DMT2, respectively 39 and 40 m deep) and seismic dilatometer
134tests (SDMT3 and SDMT4, respectively 44 and 42 m deep). De-
135scriptive columns from these boreholes, identification data from
136disturbed samples recovered from boreholes, and CPTu data may
137be found in the Supplemental Data (Table S1, Fig. S1). All these
138data were jointly considered during design and construction; how-
139ever, for the purposes of this study, we proceeded, as far as possible,
140as if only the SDMT data were available.
F1:1 Fig. 1. Plan of the Verge de Montserrat Station and location of in situ
F1:2 tests.
F2:1 Fig. 2. Cross section A_A′ with a schematic representation of the six-story building.
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141 Fig. 3 shows the profiles of DMT indices—namely the material
142 index ID and the horizontal stress index KD—and of the con-
143 strained modulus M (also designated as MDMT) obtained from
144 DMT1, DMT2, SDMT3, and SDMT4 (Marchetti 1980). The pro-
145 files of the shear wave velocity VS were determined16 from SDMT3
146 and SDMT4, and the corrected cone resistance qt was determined
147 from CPTu1 and CPTu2. The results show similar patterns across
148 the whole area of study; nevertheless, the variability in detail is sig-
149 nificant due to the fine interlayering of silts, sands, and clays, which
150 represents the major feature of the soil profile.
151 To define a geotechnical model for the two-dimensional (2D)
152 section indicated in Figs. 1 and 2, average values of the closest in-
153 vestigations available were used. Fig. S2 in the Supplemental Data
154 shows average profiles of ID,M, KD, VS, and the small strain shear
155 moduli G0. The soil profile interpreted from the DMT/SDMT data
156 was later used in all numerical analyses. The soil profile includes
157 2 m of made ground17 (R) overlaying a thin layer of fine silts (UG1;
158 between 2.0 and 4.0 m deep), followed by another thin stratum
159 (UG2) of fine sands with some gravel intercalations (down to about
160 5.5 m deep), which is followed by fine sands (UG3; down to 9.8 m
161 deep). Below, a combination of layers of sandy silts (UG4), silty
162 clays with some sandy intercalations (UG5), sandy silts (UG6), and
163 clays and silts (UG7) is encountered down to a depth of approx-
164 imately 40 m. Finally, silty sands (UG8) form the last layer iden-
165 tified from in situ tests, below which a stratum of gravels hosts
166 a confined aquifer. Other authors (Arroyo et al. 2004; Gens et al.
167 2011) have reported similar soil profiles at nearby sites.
168 Construction Activities
169 The station was built within diaphragm walls made of discrete
170 panels about 3.5 m long, 1.2 m wide, and 34 m deep. The walls
171 were executed before the main tube line tunnel, which in turn
172 was built (with a 9.4-m diameter EPB18 machine) before starting the
173 excavation. Verge de Montserrat station was constructed by the
174 top-down construction method, being its main roof slab at a depth
175 of 2.4 m from the ground surface and its second slab 5 m below
176 the main roof slab19 .
177 Jet-grouted bottom plugs have frequently been used for deep
178 excavations in the Llobregat River delta area (Eramo et al. 2011),
179 not only to avoid any heave or piping risk in the interbedded silty
180 deposits but also to reduce wall displacements. In this case, a 3-m
181thick jet-grouted slab was executed before the excavation just
182beneath the tunnel invert, at a depth of approximately 18 m. In ad-
183dition, jet-grouted columns were executed outside the wall box
184(once it was completed) on the side adjacent to the building in order
185to reduce accidental piping risk through diaphragm wall panels.
186Each of these columns, whose centers were 0.30 m from the wall
187panels 20, had a nominal diameter of 2.0 m and a length of about 23 m
188and started from a depth of nearly 4 m below the ground surface.
189Before work began, dewatering was performed within the walls
190to facilitate all operations and as an additional safeguard against
191any bottom slab leaks. Table 1 summarizes the complete sequence
192of all construction activities for the Verge de Montserrat Station.
193Monitoring
194Buildings, ground surface and subsurface displacements, pore
195water pressures, and diaphragm wall movements were monitored at
196all times during construction.
197The section represented in the numerical model includes topo-
198graphic targets, one inclinometer tube in the diaphragm wall, one
199extensometer, and some piezometers (Fig. 2). The execution of the
200jet-grouted columns behind the diaphragm wall panels (phase E)
201damaged both the extensometer and the inclinometer in this sec-
202tion. They were reinstalled just after the construction of the main
203roof slab (phase H). For this reason, comparisons of computed and
204observed movements focus on the subsequent excavation phases.
205Numerical Analyses
206All numerical analyses were performed with the Plaxis 2D (version
2079.0) finite-element program. First, the characteristics and results
208of a reference case (Base Case) are presented, and then different
209modeling hypotheses are explored through parametric analyses.
210Model Setup: Base Case
211Geometry and Boundary Conditions
212All numerical analyses refer to a representative section of the
213station that is perpendicular to the tunnel longitudinal axis and
214near the six-story building shown in Fig. 1. In this location,
215three-dimensional effects should play a relatively small role for
F3:1 Fig. 3. Profiles of soil parameters from all DMT/SDMT and CPTu tests.
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216 two main reasons. First, the length-to-depth ratio of the21 excavation
217 (L∶He) is never below 6. Second, the out-of-plane motion is re-
218 stricted due to the presence of very stiff transverse walls in the
219 lateral arm of the station, closer to the building long wall (Fig. 1).
220 The model includes all geotechnical units (UG1, UG2, UG3, UG4,
221 UG5, UG6, UG7, and UG8) identified in the Quaternary deposits
222 from the in situ tests and two extra units—the fill layer (R) and the
223 jet-grouted bottom strut (JG).
224 The model width is ten times wider than the excavation (170 m
225 wide), and the position of the mesh lower boundary (at 44 m deep)
226 coincides with the stiff layer of gravels at which in situ tests
227 found refusal. In the two vertical lateral boundaries, the horizontal
228 displacements are set equal to zero and the lower boundary is fixed
229 (i.e., both horizontal and vertical displacements are nil). Fifteen-
230 node triangular elements were used to model soil layers, while five-
231 node Mindlin beam elements were used to represent diaphragm
232 walls, station slabs, the tunnel lining, and the slab of the six-story
233 building. Hinged connections link tunnel slabs with diaphragm
234 walls, a continuous concrete ring represents the tunnel lining, and
235 three independent elastic beam elements reproduce the six-story
236 building blocks separated by expansion joints. A uniformly distrib-
237 uted surface load of 60 kPa, applied to these beam elements,
238 takes into account the weight of the building. Finally, elastoplastic
239interface elements take into account soil-structure interactions.
240Table 2 contains all of the mechanical characteristics of the struc-
241tures, namely the axial stiffness EA, flexural stiffness EI, element
242thickness d, Poisson’s ratio υ, and weight of the structure per unit
243length w.
244Initial Conditions
245The initial phreatic level is horizontal and located at a depth of
2463.5 m below the ground surface. The initial pore pressure distribu-
247tion is hydrostatic and the diaphragm walls as well as the tunnel
248lining are impermeable.
249From DMT interpretation, all Quaternary deposits appear to
250be quasi-normally consolidated (overconsolidation ratio OCR ¼
2511–1.2), 2except for the uppermost layer (UG1), in which seasonal
252drying is a likely cause for some overconsolidation. The initial
253state of stress in the ground was, therefore, determined by normally
254consolidated loading conditions.
255Constitutive Model Calibration
256Tables 3–5 summarize the mechanical parameters used in the nu-
257merical analyses to characterize each geotechnical unit (UG). The
258values of hydraulic conductivity (K) were obtained from pumping
259tests and applied in previous numerical studies (Garitte et al. 2010).
Table 1. Construction activities for the excavation of Verge de Montserrat Station
T1:1 Phase Activity Start End
T1:2 A Diaphragm walling July 15, 2009 August 06, 2009
T1:3 B Construction of jet-grouted columns behind vertical joints among wall panels September 16, 2009 October 01, 2009
T1:4 C Construction of bottom jet-grouted slab October 19, 2009 December 01, 2009
T1:5 D EPB tunnel excavation December 02, 2009 December 05, 2009
T1:6 E Construction of extra jet-grouted columns behind the diaphragm walls adjacent to joints December 09, 2009 December 23, 2009
T1:7 F Execution of tie beams January 14, 2010 January 29, 2010
T1:8 G Excavation to main concrete roof slab level (2.5 m deep) February 02, 2010 February 16, 2010
T1:9 H Construction of main concrete roof slab February 25, 2010 March 04, 2010
T1:10 I 1st dewatering, down to a depth of 10 m March 12, 2010 April 01, 2010
T1:11 K Excavation to 2nd concrete slab level (7.5 m deep) March 30, 2010 April 14, 2010
T1:12 L Construction of 2nd concrete slab April 21, 2010 May 12, 2010
T1:13 M 2nd dewatering, down to a depth of 18 m June 03, 2010 June 22, 2010
T1:14 N Excavation to deepest level (18.5 m deep) June 23, 2010 October 27, 2010
T1:15 O Construction of bottom concrete slab August 25, 2010 November 08, 2010
Table 2. Characteristics of the structural elements
T2:1 Structural element EA (kN=m) EI (kN=m2=m) d (m) υ w (kN=m=m)
T2:2 Retaining wall 3.26 × 107 3.92 × 106 1.20 0.15 7.86
T2:3 Roof slab 3.43 × 107 4.11 × 106 1.20 0.20 30.00
T2:4 Second slab 2.18 × 107 1.16 × 106 0.80 0.20 23.90
T2:5 Tunnel lining 1.40 × 107 1.19 × 105 0.32 0.10 7.68
T2:6 Building foundation slab 2.00 × 107 8.20 × 105 0.70 0.15 17.50
Table 3. HSSmall parameters for natural soil layers
T3:1 UG K (m=day) γ (kN=m3) Knc0 υ c (kN=m
2) φ (degrees) m Erefoed (MPa) E
ref
50 (MPa) E
ref
ur (MPa) G
ref
0 (MPa) γ0.7
T3:2 UG1 0.050 19.50 0.56 0.2 1.0 29.0 0.6 48.26 48.26 193.04 144.37 3.4 × 10−4
T3:3 UG2 0.200 21.30 0.47 0.2 1.0 32.0 0.5 70.95 70.95 283.81 138.97 7.0 × 10−5
T3:4 UG3 0.200 21.30 0.50 0.2 1.0 32.0 0.5 27.21 27.21 108.84 111.73 3.2 × 10−5
T3:5 UG4 0.030 18.80 0.57 0.2 1.0 27.5 0.7 31.00 31.00 124.00 75.06 4.2 × 10−4
T3:6 UG5 0.003 18.80 0.56 0.2 1.0 27.0 0.7 12.93 12.93 51.72 81.90 1.6 × 10−4
T3:7 UG6 0.003 19.00 0.54 0.2 0.2 28.0 0.7 12.62 12.62 50.48 94.62 1.4 × 10−4
T3:8 UG7 0.003 14.70 0.55 0.2 1.0 27.5 0.8 5.92 5.92 23.68 98.20 6.5 × 10−5
T3:9 UG8 0.003 19.00 0.55 0.2 0.2 28.0 0.7 19.07 19.07 76.28 147.65 1.3 × 10−4
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260 All natural soil layers are modeled as nonlinear elastoplastic ma-
261 terials using the hardening soil model with small strain stiffness
262 (HSSmall, Benz 2007). A simple linear elastic-perfectly plastic
263 constitutive model with a Mohr-Coulomb failure criterion is used
264 for both the fill layer (R) and the jet-grouting bottom slab (JG).
265 The soil parameters that are more significant for the evaluation
266 of excavation-induced displacements in conditions far away from
267 failure are those related to stiffness. In the HSSmall model, the
268 stiffness-related parameters include four reference moduli Erefoed,
269 Eref50 , E
ref
ur , and G
ref
0 , which represent, respectively, the tangent
270 stiffness modulus for primary oedometer loading, the secant modu-
271 lus in standard drained triaxial tests, the unloading/reloading modu-
272 lus at operative strains, and the reference shear modulus at small
273 strains:
Eoed ¼ Erefoedfðc · cotφþ σ 01Þ=ðc · cotφþ prefÞgm ð1Þ
E50 ¼ Eref50 fðc · cotφþ σ 03Þ=ðc · cotφþ prefÞgm ð2Þ
Eur ¼ Erefur fðc · cotφþ σ 03Þ=ðc · cotφþ prefÞgm ð3Þ
G0 ¼ Gref0 fðc · cotφþ σ 03Þ=ðc · cotφþ prefÞgm ð4Þ
274 where m = parameter controlling stress-level stiffness dependency;
275 σ 01 and σ
0
3 = major and minor principal effective stresses23 ; pref =
276 reference pressure of 100 kPa; and c = effective cohesion.
277 Marchetti (1980) defined the DMT constrained modulus
278 MDMT as
MDMT ¼ RM · ED ð5Þ
279 where RM = factor dependent on KD and ID; and ED = dilatometer
280 modulus.
281 Arroyo et al. (2004) showed that for the silty and clayey units
282 present in the area, laboratory determinations of constrained modu-
283 lus compared well with MDMT . Therefore, in this study, it is as-
284 sumed that Eoed ¼ MDMT , and the DMT constrained modulus
285 MDMT is employed as the basic reference stiffness parameter
286 (Monaco and Marchetti 2004; Arroyo et al. 2008). Also, according
287 to indications given by Vermeer (2001), the following moduli ratios
288 are adopted: Eref50 ¼ Erefoed, and Erefur ¼ 4Erefoed. Finally, the small
289 strain shear modulus G0 is directly determined from the shear wave
290 velocity VS using the theory of elasticity.
291For every soil layer identified, the M and G0 profiles obtained
292from SDMT are employed to infer m (rate of increase of moduli
293with stress) and Erefoed and G
ref
0 (moduli at reference stresses of
294100 kPa). Average values of Erefoed and G
ref
0 are estimated for each
295geotechnical unit, and average values of Eoed andG0 are introduced
296in all numerical analyses. Fig. 4 shows the comparison between
297Eoed, G0 values obtained from DMT/SDMT and Eoed, G0 values
298adopted in the FEM analyses 24. According to Amoroso et al. (2014),
299SDMT tests provide both small strain and working strain moduli,
300G0 and GDMT , at each depth. As suggested by Marchetti et al.
301(2008), working strain shear moduli GDMT can be derived from
302constrained moduliMDMT by referring to linear elasticity. As a first
303approximation
GDMT ¼
1 − 2ν
2ð1 − νÞMDMT ð6Þ
304where υ = Poisson’s ratio, assumed equal to 0.2 for all layers.
305A further step in the calibration of the HSSmall model requires
306nonlinear stiffness-strain degradation curves for all units. The
307hyperbolic stress-strain relationship expressed by Eq. (7) can be
308used (Amoroso et al. 2014) for this purpose:
G
G0
¼ 1
1þ

G0
GDMT
− 1

γ
γDMT
ð7Þ
309where G = shear modulus; γ = shear strain; and γDMT = shear strain
310associated with the working strain DMT moduli. Amoroso et al.
311(2014) proposed values of γDMT in the range of 0.015%–0.30%
312for sands, in the range 0.23%–1.75% for silts and/or clays, and
313greater than 2% for soft clays.
314The SDMT profiles provide first-order estimates of G0∶GDMT
25315ratios for each geotechnical unit. In this case, DMT shear
316strains (γDMT) of 0.1% and 0.75% are assumed in sandy layers
Table 4. Elastoplastic (Mohr-Coulomb) parameters for fill layer
T4:1 Geomechanical parameters Fill layer (R)
T4:2 γ (kN=m3) 17.5
T4:3 E (MPa) 10
T4:4 υ 0.3
T4:5 c (kN=m2) 0.1
T4:6 φ (degrees) 26.0
Table 5. Elastoplastic (Mohr-Coulomb) parameters for jet-grouted slab
T5:1 Geomechanical parameters Jet-grouted slab (JG)
T5:2 γ (kN=m3) 21.5
T5:3 E (MPa) 2,500
T5:4 υ 0.3
T5:5 c (kN=m2) 400
T5:6 φ (degrees) 27.5
F4:1Fig. 4. Comparison between the profiles of (a) Eoed; and (b) G0
F4:2obtained from DMT/SDMT and adopted in the FEM analysis.
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317 (UG2, UG3, and UG4) and in fine-grained geotechnical units
318 (UG1, UG5, UG6, UG7, and UG8), respectively. The intersection
319 of the 0.722 · G0 horizontal line with the estimated normalized
320 stiffness degradation curve provides the threshold shear strain value
321 referred to in the model as γ0.7 (Fig. 5).
322 In addition to stiffness-related parameters, Table 3 reports other
323 parameters that are also estimated using well-established DMT
324 correlations. The total unit weight γ was estimated using the chart
325 developed by Marchetti and Crapps (1981), and the friction angle
326 φ for granular layers (UG2, UG3, and UG4) was estimated using
327 the following equation (Marchetti 1997):
φ ¼ 28°þ 14.6° logKD − 2.1°log2KD ð8Þ
328 For granular layers, the coefficient of earth pressure at rest Knc0
329 was determined through Jaky’s expression (K0 ¼ 1 − sinφ). For
330 fine-grained layers, it was estimated from the DMT results using
331 the following expression (Marchetti 1980):
Knc0 ¼ ðKD=1.5Þ0.47 − 0.6 ð9Þ
332 Finally, the effective friction angles for fine-grained layers were
333 selected in agreement with previously reported values for the area
334 (Arroyo et al. 2007; Di Mariano et al. 2007; Gens et al. 2011), as
335 were the parameters for the fill layer (Table 4). Parameter values
336 for the jet-grout are discussed in a separate section.
337 The FEM code incorporates a coupled hydromechanical formu-
338 lation, and in the Base Case, for simplicity, the more sandy upper
339 layers (R, UG1, UG2, UG3, and UG4) are assigned drained behav-
340 ior and the more clayey/silty lower layers (UG5, UG6, UG7, and
341 UG8) are designated as undrained. A parametric study aids the
342 exploration of the implications of this choice.
343 Construction Sequence
344 All FEM analyses reproduce the construction sequence described
345 in Table 1 up to phase N (excavation to the deepest level). The EPB
346 tunnel excavation (phase D) is simulated through the contraction
347 method (Brinkgreve et al. 200827 ) using a soil volume loss of 0.2%
348 as was observed on site during the EPB drive (Gens et al. 2011).
349 Excavation processes within the diaphragm walls are modeled
350 by incrementally removing solid soil elements. All construction
351 phases (A–N in Table 1) are carried out as elastic-plastic deforma-
352 tion analyses and are defined as plastic calculations.
353 In the dewatering phases (I and M), the pore pressure distribu-
354 tion is evaluated prior to the plastic calculation using the staged
355 construction mode. New hydraulic boundary conditions are defined
356in which the pumping level inside the wall box represents a zero
357water-pressure contour. These new hydraulic boundary conditions
358are used for a steady-state water pressure calculation, following
359Darcy’s law. In the groundwater calculation, the water is considered
360incompressible. The newly computed pore pressure field is used to
361evaluate excess pore pressure and corresponding out-of-balance
362forces that, during a plastic calculation stage, are applied stepwise
363into the finite-element mesh using the automatic load stepping
364procedures.
365Consideration of Jet-Grout Treatments
366As previously explained, two different jet-grouting treatments were
367executed at the station, the excavation bottom slab (Phase C,
368Table 1) and the columns adjacent to the diaphragm wall panels
369(Phase E, Table 1).
370In the model, the excavation jet-grouted bottom slab is consid-
371ered undrained and its behavior is characterized with a simple linear
372elastic-perfectly plastic constitutive model. As the material remains
373far from failure, the use of more advanced models (Arroyo et al.
3742012) was deemed unnecessary. Data from similar jet-grouting
375treatments 28in the same soil formations (Eramo et al. 2011) allow
376the estimation of the parameters assigned to the bottom slab
377(Table 5). Such data indicate a mean unconfined compressive
378strength UCS for jet-grout samples of approximately 3.5 MPa
379and a ratio of the elastic modulus E toUCS equal to 700 on average.
380The lower bound value of UCS is around 800 kPa. Following
381Schnaid et al. (2001), the jet-grouting slab friction angle is
382maintained equal to that of the original soil (φ ¼ 27.5°), and the
383effective cohesion is increased to represent the bonding effect.
384Somewhat conservatively, cohesion is assigned a value (c ¼
385400 kPa) equal to half the lower bound of UCS, and the elastic
386modulus is selected close to the estimated mean value
387(3.5 MPa 700 ≈ 2,500 MPa). The implications of these choices
388are explored subsequently.
389In the numerical model, the jet-grouted bottom slab was simply
390wished-in-place. It was recognized that, occasionally, installation
391of jet grouted slabs has caused movement in diaphragm walls and
392in nearby buildings (Wong and Poh 2000). This possibility is later
393explored through parametric analyses. Regarding the external
394jet-grouted columns adjacent to the wall joints, little information
395was available about the interface strength between jet injections
396and diaphragm walls. Some authors (Obrzug and Preisig 2013)
397have used tension-free interfaces. Ho et al. (2002) reported very
398low skin resistances in piles bored through jet-grout. The effects of
399both jet erosion and subsequent retraction at setup seem unfavor-
400able for adherence. Therefore, in order to reproduce the effect of
401these columns in the model, the diaphragm wall stiffness is in-
402creased and its interface strength is reduced. PLAXIS allows this
403by means of a reduction factor Rinter, which is applied to the shear
404strength derived from the soil parameters of each unit. The value of
405Rinter at the diaphragm wall-soil interface is set equal to 0.125
406wherever the jet-grouted columns are present and equal to 0.7 else-
407where, in line with conventional practice (Brinkgreve et al. 2008).
408Again, the consequences of this choice are examined subsequently
409through parametric analyses.
410Parametric Analyses
411Three groups of parametric analyses were performed. A first group
412focused on soil stiffness parameters, a second group explored dif-
413ferent model drainage hypotheses, and a third group examined
414alternative approaches to represent the effects of jet-grouting treat-
415ments. Outputs from these analyses are presented in the following
416paragraphs, after the results of the Base Case are examined in
417detail.
F5:1 Fig. 5.26 Normalized stiffness decay curves (G=G0−γ) estimated from
F5:2 SDMT for each geotechnical unit with intersection points (black dots)
F5:3 corresponding to the shear moduli 0.722 G0 and to the shear strains γ0.7.
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418 Results
419 Base Case
420 Figs. 6 and 7 compare the numerical results and monitoring data,
421 referring, respectively, to the second dewatering stage (down to
422 18 m deep; Phase M) and the excavation to the deepest level
423 (Phase N). All pictures refer to cumulative displacement results29 . In
424 these figures, negative vertical displacements30 indicate settlements,
425 and horizontal movements are negative in the direction of the
426 excavation. Figs. S3 and S4 in the Supplemental Data contain the
427 results relative to the rest of construction stages.
428 The computed displacements satisfactorily follow all observed
429 data [Figs. 6(a–d), 7(a–d), S3(a–d), and S4(a–d)]. Computed pore
430 pressures show a peak at the jet-grouted slab, but the absence of
431 measurements inside this layer does not allow the confirmation
432 of such a response on site [Figs. 6(f) and S3(f)]. In addition, there
433 is some discrepancy with the piezometric measurements at depth
434 [Figs. 6(e and f) and S3(e and f)]. This is very likely attributable
435 to smearing effects during piezometer installation.
436At the final excavation stage (Fig. 7), the top of the diaphragm
437wall moves outward [Fig. 7(a)]. The model does catch this behav-
438ior, and the extensometer measurements clearly illustrate that most
439vertical movements take place in the silty layers [below 10 m deep;
440Fig. 7(b)]. At this stage, there is better agreement with the data in
441the near field [inclinometer and extensometer; Figs. 7(a and b)]
442than with the observed building displacements [Figs. 7(c and d)].
443The building displacements are well captured on average 31, yet the
444different building sections show higher variability in the model than
445in the field.
446Effect of Stiffness Soil Parameters
447Extra analyses were performed to examine the effect of both the
448power parameter m and the small strain modulus on the response
449of the constitutive model. The slope of oedometer and small strain
450shear moduli versus depth (Fig. 4) was used to estimate the m
451parameter. The noisy pattern of the data, due to the silty and sandy
452interlayers, made this evaluation difficult. For this reason, the m
453parameter was varied from 0.5 to 1.0 in subsequent analyses.
F6:1 Fig. 6. Dewatering to 18 m deep (phase M): (a) diaphragm wall horizontal movements; (b) diaphragm wall vertical movements; (c) six-story building
F6:2 vertical movements; (d) six-story building horizontal movements; (e) pore pressure distribution outside the excavation; and (f) pore pressure
F6:3 distribution inside the excavation.
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454 The effect of these changes on numerical results was very small
455 (less than 3%).
456 A separate analysis focused on the effects of the HSSmall con-
457 stitutive model versus the results of the simpler hardening soil
458 model (HS model, Schanz et al. 1999), which does not consider the
459 nonlinearity of soil stiffness at small strains. As expected, these
460 new results (Fig. 8) show far larger movements than those resulting
461 from the Base Case, significantly overestimating the observed data.
462 Effects of Drainage Hypothesis
463 As previously mentioned, in the Base Case the upper soil layers
464 have drained behavior, and the lower layers are undrained. There
465 is little doubt about the drained behavior of the sand-dominated
466 layers (UG4 and above) in which cone penetration is drained.
467 The situation for the lower layers is not so clear due to the presence
468 of more silty interbedded layers (Fig. 3). This issue was explored by
469 performing two extra numerical analyses: a staged consolidation
470 analysis in which all phases were timed according to the construc-
471 tion sequence reported in Table 1 (see Table 3 for the hydraulic
472 conductivity values) and a fully drained analysis (Fig. S5 in the
473 Supplemental Data).
474 The introduction of consolidation led to a slightly less accurate
475 prediction than the undrained simulation. This is likely a reflection
476 of the uncertainty in hydraulic conductivity estimates. It is also
477 possible that during on site construction very little consolidation
478 took place in the lower soil layers. As expected, the fully drained
479 response results in large settlement overestimations.
480 Effect of Jet-Grouting Idealizations
481 As already pointed out, two different jet-grouting treatments were
482 executed on site: the excavation base slab and a number of isolated
483 columns behind the diaphragm wall joints. Additional numerical
484analyses helped in exploring the numerical representation of both
485treatments.
486For the case of the jet-grouted slab, installation and stiffness
487effects were examined. Installation effects are studied in the model
488by considering an initial phase in which a low stiffness slab is
489activated, and a small distributed volume expansion (0.5%) is as-
490signed to all elements representing it. These hypotheses are based
491on the results 32of previous back-analyses relative to other jet-
492grouting treatments and on the observation of increased void ratios
493in jet-grouted soils in the same area (Arroyo and Gens 2009). A
494separate analysis explored the effects of assigning a conservative
495value not just to the cohesion of the treated soil but also to its stiff-
496ness (E ¼ 750 MPa). The volume expansion of jet-grout elements
497induces 33much higher wall displacements than those in the observed
498data (Fig. 9). However, a reduced slab stiffness improves 3the com-
499parison of the numerical results with the inclinometer observations,
500even though the computed building settlements are larger than
501those seen in the monitoring data (Fig. 9).
502In order to study the jet-grouted columns behind the diaphragm
503wall, interface strength and stiffening effects were analyzed. It was
504previously mentioned that the wall-soil interface might be charac-
505terized by a low strength value—hence the selection of Rinter ¼
5060.125 for the Base Case (Case A). Additional analyses were
507run in order to explore the possibility of maintaining the standard
508Rinter value used for areas without jet-grout treatment (Rinter ¼
5090.7). It is not clear from the results whether considering a reduced
510interface strength is appropriate. Although wall movements are bet-
511ter captured with a reduced interface strength (Case A), computed
512building settlements are closer to the observed ones when no
513strength reduction is considered (Case C) (Fig. 10).
514The presence of a stiffer reinforced soil close to the diaphragm
515wall may actually restrict wall deflections. Two different modeling
516options were explored to take into account the stiffening effect of
517the jet-grouted columns. In the first option, a row of soil elements
F7:1 Fig. 7. Excavation to deepest level (phase N): (a) diaphragm wall horizontal movements; (b) diaphragm wall vertical movements; (c) six-story
F7:2 building vertical movements; and (d) six-story building horizontal movements.
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518 adjacent to the wall is modeled as a material with an increased stiff-
519 ness (E ¼ 1,000 MPa). The second option, however, considers an
520 increased width of the plate elements (from 1.2 to 2.5 m), assuming
521 a composite section for the wall.
522 Table 6 presents the different cases considered in the numerical
523 analyses. Fig. 10 illustrates the effect of these modeling options
524 both on wall displacements and on building settlements after the
525 last excavation stage. It is clear that the composite-section approach
526 better represents the stiffening effect of the jet-grout injections.
527 In this case, in fact, the numerical results are closer to the observed
528 data.
529 Conclusions
530 The present work demonstrates that it is possible to obtain a good
531 representation of the behavior of deep excavations with the use of
532 finite-element models in which most of the parameters are obtained
533 from dilatometer tests (DMTand SDMT). In this case study, a thick
534 layer of soft soil made characterization based on laboratory testing
535 very difficult. SDMT offered a good alternative for estimating the
536 dependence of soil stiffness on stress/strain level, which is crucial
537 for accurate modeling.
538The numerical results based on the estimated data adequately
539reproduced all monitoring measurements in most phases of the
540construction process. The dilatometer test proves, therefore, appro-
541priate for providing representative parameters for a range of soil
542materials with different permeability and drainage conditions.
543Analyses also show the importance of considering high soil stiff-
544ness values in the small strain range. In this respect, the direct
545determination of small strain moduli by SDMT represents a clear
546advantage.
547However, even when good-quality site investigation data is
548available, uncertainties do invariably remain. In the present case
549study, significant uncertainties were associated with the modeling
550of jet-grouting treatments undertaken both to form the bottom slab
551of the excavation and to seal potential gaps between diaphragm
552wall panels. A parametric study was performed to explore the
553effects of different modeling options. This study indicated the need
554for further research on the effects of jet-grouting installation as well
555as on the outcomes of jet injections on soil-structure interfaces.
556Notwithstanding these difficulties, the work presented provides
557strong evidence for the possibility of achieving adequate models
558of deep excavations in soft soil whenever soil parameters are
559obtained from well-conducted in situ dilatometer tests.
F8:1 Fig. 8. Effect of the constitutive model on the comparison between measurements and simulation results: (a) retaining wall movements computed
F8:2 with HSS; (b) retaining wall movements computed with HS; (c) building settlements computed with HSS; and (d) building settlements computed
F8:3 with HS.
© ASCE 9 J. Geotech. Geoenviron. Eng.
P
R
O
O
F
O
N
L
Y
560 Acknowledgments
561 This research was partly supported by the Spanish Ministry of
562 Economy through Grant No. BIA2014-59467-R.
563 Supplemental Data
564 Table S1 and Figs. S1–S5 are available online in the ASCE Library
565 (www.ascelibrary.org).
566 References
567 Amoroso, S., B. Lehane, andM. Fahey. 2013. “G-γ decay curves in sand by
568 seismic dilatometer (SDMT).” In Proc., 4th Int. Conf. on Geotechnical
569 and Geophysical Site Characterization, 447–452. London: Taylor &
570 Francis.
571Amoroso, S., P. Monaco, B. M. Lehane, and D. Marchetti. 2014. “Exami-
572nation of the potential of the seismic dilatometer (SDMT) to estimate in
573situ stiffness decay curves in various soil types.” Soils Rocks 37 (3):
574177–194. 36
575Arroyo, M., M. Ciantia, R. Castellanza, A. Gens, and R. Nova. 2012.
576“Simulation of cement-improved clay structures with a bonded elasto-
577plastic model: A practical approach.” Comput. Geotech. 45: 140–150.
578https://doi.org/10.1016/j.compgeo.2012.05.008. 37
579Arroyo, M., A. Di Mariano, A. Gens, E. Alonso, A. García Fontanet, and
580J. García Germán. 2007. “Management of third-party risk in an urban
581deep excavation project.” In Proc., 14th European Conf. on Soil
582Mechanics and Geotechnical Engineering, 527–532. Rotterdam,
583Netherlands: Millpress.
584Arroyo, M., A. Di Mariano, P. Monaco, M. Devincenzi, and N. Pérez. 2008.
585“SDMT-based deep excavation design.” In Proc., 3rd Int. Conf. on Site
586Characterization, 967–973. London: Taylor & Francis.
587Arroyo, M., and A. Gens. 2009. “Engineering assessment of jet-grouted
588structures.” In Proc., 17th Int. Conf. on Soil Mechanics and Geotech-
589nical Engineering, 2338–2341. Amsterdam, Netherlands: IOS Press.
590Arroyo, M., and T. Mateos. 2006. “Embankment design with DMT and
591CPTu: Prediction and performance.” In Proc., 2nd Int. Flat Dilatometer
592Conf., edited by R. A. Failmezger and J. B. Anderson, 62–68.
593Lancaster, VA: In-Situ Soil Testing.
594Arroyo, M., T. Mateos, M. Devincenzi, R. Go´mez-Escoubes, and
595J. M. Martínez. 2004. “CPTu-DMT performance-based correlation
596for settlement design.” In Proc., 2nd Int. Conf. on Site Characterization,
5971605–1610. Rotterdam, Netherlands: Millpress.
F10:1 Fig. 10. Effect of hypotheses regarding jet-grouted columns: (a) on diaphragm wall movement; and (b) building settlement at maximum excavation
F10:2 (phase N).
Table 6. Alternative idealizations of jet-grouted wall joint columns
T6:1 Case Stiffening effect Interface strength
T6:2 A (reference) Wall section increase Reduced
T6:3 B Jet elements Reduced
T6:4 C Wall section increase Standard
T6:5 D Jet elements Standard
F9:1 Fig. 9.35 Effect of hypotheses regarding the jet-grouted slab: (a) on diaphragm wall movement; and (b) building settlement at maximum excavation
F9:2 (phase N).
© ASCE 10 J. Geotech. Geoenviron. Eng.
P
R
O
O
F
O
N
L
Y
598 Been, K., A. Quin˜onez, and R. B. Sancio. 2010. “Interpretation of the CPT
599 in engineering practice.” In Proc., 2nd Int. Symp. on Cone Penetration
600 Testing. Madison, WI: Omnipress.
601 Benz, T. 2007. “Small-strain stiffness of soils and its numerical consequen-
602 ces.” Ph.D. thesis, Universität Stuttgart.38
603 Bosco, G., and P. Monaco. 2016. “Strain moduli of alluvial soils from
604 CPT, DMT, Vs, and lab tests.” In Proc., 5th Int. Conf. on Geotechnical
605 and Geophysical Site Characterization, 395–400. Sydney: Australian
606 Geomechanics Society.
607 Brinkgreve, R. B. J., K. J. Bakker, and P. G. Bonnier. 2006. “The relevance
608 of small-strain soil stiffness in numerical simulation of excavation
609 and tunnelling projects.” In Numerical methods in geotechnical engi-
610 neering, 133–139. London: CRC Press.
611 Burland, J. B. 1989. “Small is beautiful– the stiffness of soils at small
612 strains.” Can. Geotech. J. 26 (4): 499–516. https://doi.org/10.1139
613 /t89-064.
614 Calvello, M., and R. J. Finno. 2004. “Selecting parameters to optimize
615 in model calibration by inverse analysis.” Comput. Geotech. 31 (5):
616 410–424. https://doi.org/10.1016/j.compgeo.2004.03.004.
617 Cho, W., and R. J. Finno. 2009. “Stress-strain responses of block samples
618 of compressible Chicago glacial clays.” J. Geotech. Geoenviron.
619 Eng. 136 (1): 178–188. https://doi.org/10.1061/(ASCE)GT.1943-5606
620 .0000186.
621 Cox, C., and P. W. Mayne. 2015. “Soil stiffness constitutive model
622 parameters for geotechnical problems: A dilatometer testing approach.”
623 In Proc., 3rd Int. Conf. on Flat Dilatometer, edited by S. Marchetti,
624 et al., 393–400. Rome.39
625 Di Mariano, A., J. M. Gesto, A. Gens, and H. Schwarz. 2007. “Ground
626 deformation and mitigating measures associated with the excavation
627 of a new metro line.” In Proc., 14th European Conf. on Soil Mechanics
628 and Geotechnical Engineering, 1901–1906. Rotterdam, Netherlands:
629 Millpress.
630 Dias, T. G. S., and A. Bezuijen. 2013. “General report of TC204: Under-
631 ground constructions.” In Proc., 18th Int. Conf. on Soil Mechanics and
632 Geotechnical Engineering, 1673–1680. Paris: Presses des Ponts.
633 Eramo, N., G. Modoni, and M. Arroyo. 2011. “Design control and
634 monitoring of a jet grouted excavation bottom plug.” In Proc., 7th
635 Int. Symp. on Geotechnical Aspects of Underground Construction in
636 Soft Ground, 611–618. London: CRC Press.
637 Fahey, M., and J. P. Carter. 1993. “A finite element study of the pressure-
638 meter test in sand using a non-linear elastic plastic model.” Can.
639 Geotech. J. 30 (2): 348–362. https://doi.org/10.1139/t93-029.
640 Finno, R. J. 2010. “Evaluating excavation support systems to protect
641 adjacent structures.” DFI J.–J. Deep Found. Inst. 4 (2): 3–19. https://
642 doi.org/10.1179/dfi.2010.006.
643 Gámez, D. 2007. “Sequence stratigraphy as a tool for water resources
644 management in alluvial coastal aquifers: Application to the Llobregat
645 delta (Barcelona, Spain).” Ph.D. thesis, Universitat Politècnica de
646 Catalunya.40
647 Garitte, B., M. Arroyo, and A. Gens. 2010. “Analysis of ground movements
648 induced by diaphragm wall installation.” In Proc., 7th European
649 Conf. on Numerical Methods in Geotechnical Engineering, 547–552.
650 London: CRC Press.
651 Gens, A., A. Di Mariano, J. M. Gesto, and H. Schwarz. 2006. “Ground
652 movement control in the construction of a new metro line in Barcelona.”
653 In Proc., Geotechnical Aspects of Underground Construction in Soft
654 Ground, 389–395. London: Taylor & Francis.
655 Gens, A., A. Di Mariano, and M. T. Yubero. 2011. “EPB tunnelling in
656 deltaic deposits: Observations of ground movements.” In Proc., Geo-
657 technical Aspects of Underground Construction in Soft Ground,
658 987–993. London: Taylor & Francis.
659 Gens, A., and L. Lloret. 2003. “Monitoring a preload test on soft ground,
660 field measurements in geomechanics.” In Proc., 6th Int. Symp. FMGM
661 2003, 53–59. Lisse, Netherlands: Swets & Zeitlinger B.V.
662 Hashash, Y. M., C. Marulanda, J. Ghaboussi, and S. Jung. 2006.
663 “Novel approach to integration of numerical modeling and field
664 observations for deep excavations.” J. Geotech. Geoenviron. Eng.
665 132 (8): 1019–1031. https://doi.org/10.1061/(ASCE)1090-0241(2006)
666 132:8(1019).
667Hashash, Y. M., and A. J. Whittle. 1996. “Ground movement prediction for
668deep excavations in soft clay.” J. Geotech. Eng. 122 (6): 474–486.
669https://doi.org/10.1061/(ASCE)0733-9410(1996)122:6(474).
670Ho, C. E., C. H. Lim, and C. G. Tan. 2002. “Characteristics of bored
671piles installed through jet grout layer.” J. Perform. Constr. Facil. 16 (4):
672160–168. https://doi.org/10.1061/(ASCE)0887-3828(2002)16:4(160).
673Jardine, R. J. 1992. “Nonlinear stiffness parameters from undrained
674pressuremeter tests.” Can. Geotech. J. 29 (3): 436–447. https://doi.org
675/10.1139/t92-048.
676Jardine, R. J., J. R. Standing, and N. Kovacecic. 2005. “Lessons learned
677from full scale observations and the practical application of advanced
678testing and modeling.” In Deformation characteristics of geomaterials,
679201–245. London: Taylor & Francis.
680Khoiri, M., and C. Y. Ou. 2013. “Evaluation of deformation parameter for
681deep excavation in sand through case histories.” Comput. Geotech.
68247: 57–67. https://doi.org/10.1016/j.compgeo.2012.06.009. 41
683Ledesma, A., A. Gens, and E. E. Alonso. 1996. “Estimation of parameters
684in geotechnical backanalysis—I. Maximum likelihood approach.”
685Comput. Geotech. 18 (1): 1–27. https://doi.org/10.1016/0266-352X
686(95)00021-2.
687Lehane, B. M., and M. Fahey. 2004. “Using SCPT and DMT data for
688settlement prediction in sand.” In Proc., 2nd Int. Conf. on Site
689Characterization, 1673–1679. Rotterdam, Netherlands: Millpress.
690Marchetti, S. 1980. “In situ tests by flat dilatometer.” J. Geotech. Eng. Div.
691106 (3): 299–321. 42
692Marchetti, S. 1997. “The flat dilatometer: Design applications.” In Proc.,
6933rd Int. Geotechnical Engineering Conf., 421–448. Cairo, Egypt:
694Cairo Univ.
695Marchetti, S., and D. K. Crapps. 1981. Flat dilatometer manual.
696Gainesville, FL: G. P. E. Inc.
697Marchetti, S., P. Monaco, G. Totani, and D. Marchetti. 2008. “In situ tests
698by seismic dilatometer (SDMT).” In From research to practice in
699geotechnical engineering: Geotechnical special publication No. 180,
700292–311. Reston, VA: ASCE.
701Mayne, P. W., J. A. Schneider, and G. K. Martin. 1999. “Small- and
702large-strain soil properties from seismic flat dilatometer tests.” In Proc.
7032nd Int. Symp. on Pre-failure Deformation Characteristics in Geoma-
704terials, 419–427. Rotterdam, Netherlands: Balkema.
705Monaco, P., S. Amoroso, S. Marchetti, D. Marchetti, G. Totani, S. Cola, and
706P. Simonini. 2014. “Overconsolidation and stiffness of Venice lagoon
707sands and silts from SDMT and CPTU.” J. Geotech. Geoenviron.
708Eng. 140 (1): 215–227. https://doi.org/10.1061/(ASCE)GT.1943-5606
709.0000965.
710Monaco, P., and S. Marchetti. 2004. “Evaluation of the coefficient of sub-
711grade reaction for design of multipropped diaphragm walls from DMT
712moduli.” In Proc., 2nd Int. Conf. on Site Characterization, 993–1002.
713Rotterdam, Netherlands: Millpress.
714Monaco, P., G. Totani, and M. Calabrese. 2007. “DMT-predicted vs
715observed settlements: A review of the available experience.” Studia
716Geotechnica et Mechanica 29 (1–2): 103–120. 43
717Obrzug, R., and M. Preisig. 2013. “Large scale 3D numerical simulations
718of deep excavations in urban areas—constitutive aspects and optimiza-
719tion.” Mitteilungen der Geotechnik Schweiz 167: 57–68. 44 45
720Ou, C. Y. 2016. “Finite element analysis of deep excavation problems.”
721J. GeoEng. 11 (1): 1–12. https://doi.org/10.6310/jog.2016.11(1).1.
722Pepe, G., G. Coen, Q. Napoleoni, A. Pagliaroli, F. Stigliano, M. Mancini,
723G. Lanzo, S. Silvani, M. Scarapazzi, and S. Storoni Ridolfi. 2015.
724“SDMT testing for the estimation of in situ G-γ decay curves in soft
725alluvial and organic soils.” In Proc., 3rd Int. Conf. on Flat Dilatometer,
726edited by S. Marchetti, et al., 423–430. Rome. 46
727Pineda, J. A., M. Arroyo, N. Sau, A. Gens, and N. Pérez. 2012. “Testing
728block samples from silty deposits.” In Proc., 4th Int. Conf. on Site
729Characterization, 1815–1823. London: Taylor & Francis.
730Rodrigues, C., S. Amoroso, N. Cruz, and J. Cruz. 2016. “G-γ decay curves
731in granitic residual soils by seismic dilatometer.” In Proc., 5th Int. Conf.
732on Geotechnical and Geophysical Site Characterization, 1137–1142.
733Sydney: Australian Geomechanics Society.
734Sau, N., M. Arroyo, and A. Gens. 2012. “Site characterization alternatives
735for numerical models of a deep excavation.” In Proc., 4th Int. Conf. on
736Site Characterization, 1169–1177. London: Taylor & Francis.
© ASCE 11 J. Geotech. Geoenviron. Eng.
P
R
O
O
F
O
N
L
Y
737 Schanz, T., P. A. Vermeer, and P. G. Bonnier. 1999. “The hardening soil
738 model: Formulation and verification.” In Proc., Int. Symp. on Beyond
739 2000 in Computational Geotechnics—10 Years of PLAXIS, 1–16.
740 Rotterdam, Netherlands: Balkema.
741 Schnaid, F., P. D. Prietto, and N. C. Consoli. 2001. “Characterization
742 of cemented sand in triaxial compression.” J. Geotech. Geoenviron.
743 Eng. 127 (10): 857–868. https://doi.org/10.1061/(ASCE)1090-0241
744 (2001)127:10(857).
745 St John, H. D., D. M. Potts, R. J. Jardine, and K. G. Higgins. 1993.
746 “Prediction and performance of ground response due to construction
747of a deep basement at 60 Victoria Embankment.” In Predictive soil
748mechanics, 581–608. London: Thomas Telford.
749Vermeer, P. A. 2001. On single anchored retaining walls. Plaxis
750Bulletin 10. 4
751Wong, I. H., and T. Y. Poh. 2000. “Effects of jet grouting on adjacent
752ground and structures.” J. Geotech. Geoenviron. Eng. 126 (3): 247–256.
753https://doi.org/10.1061/(ASCE)1090-0241(2000)126:3(247).
754Yoo, C., S. W. Park, B. Kim, and H. Ban, eds. 2014. Geotechnical
755aspects of underground construction in soft ground. London: CRC
756Press.
© ASCE 12 J. Geotech. Geoenviron. Eng.
P
R
O
O
F
O
N
L
Y
Queries
1. Please provide the ASCE Membership Grades for the authors who are members.
2. Please provide a street address and postal code for authors Alessandra Di Mariano and Sara Amoroso in affiliation footnotes.
3. The ORCID for Alessandra Di Mariano was removed because it was not authenticated. ORCIDs should be authenticated in
Editorial Manager for inclusion in the article. The authentication cannot be done after your paper is accepted.
4. The ORCID for Marcos Arroyo was removed because it was not authenticated. ORCIDs should be authenticated in Editorial
Manager for inclusion in the article. The authentication cannot be done after your paper is accepted.
5. Please provide a postal code for authors Marcos Arroyo, Paola Monaco, and Antonio Gens in affiliation footnotes.
6. The ORCID for Paola Monaco was removed because it was not authenticated. ORCIDs should be authenticated in Editorial
Manager for inclusion in the article. The authentication cannot be done after your paper is accepted.
7. The ORCID for Antonio Gens was removed because it was not authenticated. ORCIDs should be authenticated in Editorial
Manager for inclusion in the article. The authentication cannot be done after your paper is accepted.
8. Please check the hierarchy of section heading levels.
9. [ASCE Open Access: Authors may choose to publish their papers through ASCE Open Access, making the paper freely available
to all readers via the ASCE Library website. ASCE Open Access papers will be published under the Creative Commons-
Attribution Only (CC-BY) License. The fee for this service is $1750, and must be paid prior to publication. If you indicate
Yes, you will receive a follow-up message with payment instructions. If you indicate No, your paper will be published in
the typical subscribed-access section of the Journal.]
10. Please clarify. By “soil stiffness nonlinear dependency on strains” do you mean “the nonlinear dependency of soil stiffness on
strains”?
11. Please check the editing of the sentence beginning "Several constitutive models can capture..." Is this still your meaning?"
12. In the phrase “obtaining good stiffness data from it,” please clarify what “it” refers to.
13. Please check the editing of the sentence beginning "Two in situ tests that are repeatable, easily available..." Is this still your
meaning?"
14. Please check the editing of the sentence beginning "Indeed, both of these tests allow the obtaining..." Is this still your meaning?"
15. Please check and confirm the definitions of the abbreviations CPT and DMT.
16. Please check the editing of the sentence beginning "The profiles of the shear wave velocity VS were determined..." Is this still
your meaning?"
17. Please check the editing of the sentence beginning "The soil profile includes 2 m of made ground..." Is this still your meaning?"
18. Please define the term EPB.
19. Please clarify the intended meaning of the sentence “Verge de Montserrat station was constructed by the top-down construction
method, being its main roof slab at a depth of 2.4 m from the ground surface and its second slab 5 m below the main roof slab.”
20. Please check the editing of the sentence beginning "Each of these columns, whose centers were 0.30 m from the wall panels..." Is
this still your meaning?"
21. The ratio “L:H_e” has been formatted with a “:” rather than a “/” per ASCE style. Please check and confirm.
22. Please indicate whether “overconsolidation ratio OCR = 1-1.2” indicates a range of values so that we can format it according to
ASCE style as “overconsolidation ratio OCR = 1–1.2.”
23. Please clarify. By “σσ‘_1 and σ‘_3 = major and minor principal effective stresses” do you mean “σ‘_1 and σ‘_3 = major and
minor principal effective stresses, respectively”?
© ASCE 13 J. Geotech. Geoenviron. Eng.
P
R
O
O
F
O
N
L
Y
24. Please clarify the intended meaning of “shows the comparison between Eoed, G0 values obtained from DMT/SDMT and Eoed,
G0 values adopted in the FEM analyses.”
25. Per ASCE style, the ratio “G_0:G_DMT” has been formatted with a “:” rather than a “/.” Please check and confirm.
26. Please check the editing of the caption for Fig. 5. Is this still your meaning?
27. The citation (Brinkgreve et al. 2008) mentioned in this sentence is not present in the References list. Please provide the full details
and we will insert it in the References list and link it to this citation.
28. Please check the editing of the sentence beginning "Data from similar jet-grouting treatments..." Is this still your meaning?"
29. Please clarify the intended meaning of the sentence “All pictures refer to cumulative displacement results.” Do you mean “All
graphs refer...”?
30. Please check the editing of the sentence beginning "In these figures, negative vertical displacements..." Is this still your meaning?"
31. Please check the editing of the sentence beginning "The building displacements are well captured on average..." Is this still your
meaning?"
32. Please check the editing of the sentence beginning "These hypotheses are based on the results..." Is this still your meaning?"
33. Please check the editing of the sentence beginning "The volume expansion of jet-grout elements induces..." Is this still your
meaning?"
34. Please check the editing of the sentence beginning "However, a reduced slab stiffness improves..." Is this still your meaning?"
35. Please check the editing of the captions for Figs. 9 and 10. Is this still your meaning?
36. This query was generated by an automatic reference checking system. This reference could not be located in the databases used
by the system. While the reference may be correct, we ask that you check it so we can provide as many links to the referenced
articles as possible.
37. Please provide issue number for Arroyo et al. (2012).
38. Please provide department name for Benz (2007).
39. Please provide the publisher or sponsor name and location (not the conference location) for Cox and Mayne (2015).
40. Please provide department name for Gamez (2007).
41. Please provide issue number for Khoiri and Ou (2013).
42. This query was generated by an automatic reference checking system. This reference could not be located in the databases used
by the system. While the reference may be correct, we ask that you check it so we can provide as many links to the referenced
articles as possible.
43. This query was generated by an automatic reference checking system. This reference could not be located in the databases used
by the system. While the reference may be correct, we ask that you check it so we can provide as many links to the referenced
articles as possible.
44. Please provide issue number for Obrzug and Preisig (2013).
45. This query was generated by an automatic reference checking system. This reference could not be located in the databases used
by the system. While the reference may be correct, we ask that you check it so we can provide as many links to the referenced
articles as possible.
46. Please provide the publisher or sponsor name and location (not the conference location) for Pepe et al. (2015).
47. Please provide complete details for Vermeer (2001).
© ASCE 14 J. Geotech. Geoenviron. Eng.
